We herein report the case of myasthenic crisis occurring in a 51-year-old man. He had experienced ptosis, increased body weight with edema, and fatigue with dyspnea. He presented at our emergency department with disturbed consciousness. He was originally diagnosed with myxedema coma, and he required artificial respiration. Because his weakness persisted and he was positive for anti-acetylcholine receptor antibodies and anti-muscle-specific tyrosine kinase antibodies, we diagnosed myasthenic crisis after various examinations. His clinical response to treatment was good and he was discharged in an ambulatory status 3 months after admission. This case demonstrates that myasthenic crisis may occur in association with myxedema.
Introduction
Myasthenia gravis (MG) is a chronic autoimmune neuromuscular disease characterized by insufficient neuromuscular transmission leading to progressive muscle weakness. It is frequently accompanied by autoimmune thyroid diseases, which may influence its course (1, 2) . Myasthenic crisis is characterized by weakness of the respiratory and bulbar muscles, leading to acute respiratory failure requiring mechanical ventilatory support. Myxedema coma, a well-known life-threatening condition, is an emergency presentation of hypothyroidism (3) . We herein report a case of a myasthenic crisis complicated with myxedema.
Case Report
We encountered a case of a myasthenic crisis in a 51-year-old man. The patient had a history of hypothyroidism identified over 5 years prior to this presentation, which had not been treated because it was asymptomatic. He had also undergone meningioma surgery 5 years previously. His family history was unremarkable. He had experienced bilateral ptosis for 10 months, his body weight had increased with edema (20 kg in 3 months), and he had suffered from fatigue with dyspnea for 1 month before admission. He presented to our emergency department with a disturbed consciousness.
On examination, he appeared ill and drowsy, with a pulse rate of 50 beats/min, blood pressure of 220/92 mmHg, respiratory rate of 10 breaths/min, oxygen saturation of 75%, and temperature of 37.0 . His height was 169.5 cm, weight was 110 kg, and body mass index (BMI) was 38.29 kg/m 2 . His breath sounds were clear on chest auscultation. Wholebody edema was prominent.
On neurological examination, he was drowsy with a Glasgow Coma Scale score of 12 (E2V4M6), bilateral ptosis, left eye movement restriction in all directions, bilateral facial weakness, difficulty in swallowing, dysphagia, difficulty of tongue movement, and general weakness [cervical flexor muscle Manual Muscle Test (MMT) was 2/5, limb proximal muscle MMT was 2/5, and limb distal muscle MMT was 3/5). Initial laboratory studies showed the following: white blood cell count, 6,800/mm 3 ; hemoglobin level, 13.5 g/dL; platelet count, 166×10 3 ; C-reactive protein value, 0.07 mg/ dL; aspartate aminotransferase, 47 international units (IU)/L; alanine aminotransferase, 33 IU/L; blood urea nitrogen, 17.0 mg/dL; creatinine, 0.87 mg/dL; sodium, 143 mEq/L; potassium, 4.2 mEq/L; and chloride, 96 mEq/L. His free T3 was 1.05 pg/mL (normal range, 1.71-3.71 pg/mL) and free T4 was under 0.4 ng/dL (normal range, 0.7-1.48 ng/dL). The level of thyroid-stimulating hormone was elevated to 81.97 μU/L (normal range, 0.35-4.94 μU/L), and the levels of antithyroid peroxidase and anti-thyroglobulin antibodies exceeded 4,000 IU/mL (normal range, <27.9 IU/mL) and 600 IU/mL (normal range, <15.9 IU/mL), respectively. Arterial blood gas testing, conducted while the patient was breathing oxygen at 1 L/min via a nasal cannula, revealed a pH of 7.32, partial pressure of CO2 86.8 mmHg, partial pressure of O2 53.3 mmHg, and HCO3 -of 43.7 mmol/L. He was diagnosed as having CO2 narcosis due to myxedema coma arising from Hashimoto's thyroiditis. Treatment with levothyroxine and corticosteroids was initiated. He required artificial respiration.
The patient's clinical course is outlined in Figure. We stopped corticosteroids because his adrenal function was normal. By regulating the respirator and gradually increasing the levothyroxine, he regained a clear consciousness. However, withdrawal from the respirator was impossible even 2 weeks after admission because of general weakness. He was referred to the Neurology Department.
The Tensilon test was positive, indicating MG, and a neurophysiological examination with repetitive nerve stimulation of the left accessory nerve was also positive. His antiacetylcholine receptor (AChR) antibody level was 80 nmol/L (normal range, <0.2 nmol/L) and his anti-muscle-specific tyrosine kinase (MuSK) antibody level was 0.15 nmol/L (normal range, <0.02 nmol/L); both were positive. Thoracic computed tomography (CT) and magnetic resonance imaging (MRI) showed residual thymic tissue in the anterior mediastinum. We diagnosed myasthenic crisis, with a Myasthenia Gravis Foundation of America clinical classification of V and a quantitative MG (QMG) severity score of 22. He was started on treatment with pyridostigmine (180 mg/day), oral prednisolone (10 mg, alternate days), plasma exchange (5% albumin, 40 mL/kg), and tacrolimus (3 mg/day). Plasma exchange was stopped after three procedures because of bleeding from the insertion site of the catheter. After the plasma exchanges, we treated him with methylprednisolone pulse therapy (1 g/day) for 3 days and intravenous immunoglobulin (IVIg; 0.4 mg/kg/day) for 5 days. After treatment, the patient showed a good clinical response, with a gradual improvement in his ptosis, general fatigue, and weakness, and 10 days after this treatment, we were able to take him off the ventilator. Three months after admission, he was able to walk without assistance and was discharged from our hospital. His QMG severity score improved from 22 to 6. Because he was positive for anti-AChR antibodies, we considered performing thymectomy; however, this was not performed as the patient refused the procedure.
Discussion
MG is frequently accompanied by autoimmune thyroid diseases. In one study, these were diagnosed in 26.8% of 343 consecutive MG patients, including 4.4% with Graves' disease, 9.0% with Hashimoto's thyroiditis, and 13.4% only with antithyroid antibodies (2) . In a Japanese study, 11.9% of MG patients had Graves' disease or Hashimoto's thyroiditis (1). In recent years, there has been no reported case of myasthenic crisis complicated with myxedema. However, the risk of myasthenic crisis and the results of treatment did not differ between the patients with and without autoimmune thyroid diseases (2, 3) .
In the present case, hypothyroidism and MG together resulted in the onset of myxedema coma and myasthenic crisis. Hypothyroidism was asymptomatic for approximately 5 years; however, he was aware of the increase in his body weight by 20 kg in 3 months along with edema.
There were reports of hypercapnia, severe hypothermia, and cardiac involvement with the development of multiorgan dysfunction in patients with myxoedema coma that mentioned hypoxaemia in 80% and hypercapnia in 54% of the patients. One way to explain the respiratory failure observed in this case could be the decreased sensitivity of the central nervous system to hypoxia and hypercapnia (4, 5) .
On admission, we were not able to diagnose the patient with myasthenic crisis. We considered severe hypothyroidism had likely induced consciousness disturbance with CO2 narcosis and ptosis with edema.
In myasthenic crisis, respiratory muscle fatigue deteriorates, leading to respiratory failure and CO2 narcosis (6) . Although myxedema coma and myasthenic crisis both cause consciousness disturbance with CO2 narcosis (5, 6), we thought that the patient's prominent edema (myxedema) with weight gain due to untreated hypothyroidism had caused respiratory muscle fatigue with MG, finally resulting in myasthenic crisis.
Because MG is often associated with hypothyroidism, clinicians should perform examinations and diagnose it immediately when myxedema coma and myasthenic crisis is considered to be possible based on the medical history and physical findings. In addition, treatment for both hypothyroidism and MG should be provided promptly.
The anti-MuSK antibody is present in 10-70% of all MG patients without anti-AChR antibodies and this MG subtype is clinically more severe than others, with the involvement of facial, bulbar, and upper body muscles, and sometimes with muscle atrophy (7). The effect of an edrophonium injection (the Tensilon test) is equivocal or negative in some patients, and the response to oral pyridostigmine can be even more unsatisfactory, ranging from some mild benefit to overt intolerance. The course of the disease is often characterized by periodic exacerbation phases that require hospitalization and even assisted ventilation; plasma exchange can result in a marked improvement in these cases (7) . In general, MuSK antibody is measured when AChR antibody is negative. However, in this case wherein bulbar palsy and respiratory failure occurred rapidly, we considered MuSK antibody positive MG. If MuSk antibody was positive, then plasma exchange was more desirable than immunoadsorption in the treatment of myasthenic crisis (8, 9) . Additionally, if only AchR antibody was positive, then immunoadsorption was considered to be indicated. Therefore, both antibodies were measured. The coexistence of anti-AChR and MuSK antibodies has been reported in only a few cases (10) . These patients were anti-AChR antibody-positive at disease onset but became anti-MuSK antibody-positive after thymectomy (11) (12) (13) . D-penicillamine can induce both anti-AChR-and MuSK antibody-positive MG, a rare phenomenon which is reversible after the discontinuation of the treatment (14) . In the present case, the effect of the edrophonium injection was remarkable, and the patient had no problem with the tolerance of oral pyridostigmine; however, respiratory failure rapidly appeared due to respiratory muscle fatigue, which was consistent with the characteristics of anti-MuSK antibody-positive MG.
The patient showed no thymoma on CT and MRI. In general, late onset MG without thymoma is not indicated for thymectomy. However, a randomized trial by Wolfe et al. states that thymectomy improved the clinical outcomes over a 3-year period in 18-65 years old patients with nonthymomatous AChR antibody positive MG (15) . In anti-MuSK antibody-positive patients, the thymus was normal for their age or was atrophied, and no benefit from thymectomy was observed (7) . In cases with the coexistence of anti-AChR and anti-MuSK antibodies, it is not clear whether or not to perform a thymectomy (13) . In the present case, we considered thymectomy after careful consideration of the exacerbations of the patient's symptoms. However, the patient refused, and thymectomy was therefore not performed.
Conclusion
In summary, we herein reported a case of a myasthenic crisis complicated with myxedema. MG is frequently accompanied by autoimmune thyroid diseases, and clinicians should remain aware of the possibility of cases of myxedema coma with CO2 narcosis due to myasthenic crisis.
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